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(54) POSITIVE ELECTRODE FOR LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PURPOSE: To obtain a positive electrode for a lithium 
secondary electrode excellent in battery capacity and charge 
and discharge cycle characteristics. 
CONSTITUTION: Metal compound powder capable of 
occluding and desorbing lithium is used as a positive 
electrode material 10. A metal compound powder 11 is simple 
crystal or composite of plural single crystals. Particle size of 
the metal compound powder 11 is 1-20|am. Grain size of 
single crystal constituting the metal compound powder is 
0.1-20jam. The metal compound powder 11 is prepared by 
baking a material constituting it and a lithium salt. The lithium 
compound powder 1 1 is capable of occluding and desorbing 
lithium. The metal compound powder 1 1 is a lithium 
compound of Li-Mn-Cu-O. Besides, the molar ratio of Cu to 
Mn can be 0.2 or lower. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the positive electrode for lithium secondary batteries which the above-mentioned 
metallic-compounds powder consists a lithium of the aggregate of a single crystal or two or more 
single crystals in the positive electrode for lithium secondary batteries using occlusion and the 
metallic-compounds powder which may be emitted as positive active material, and the particle size of 
the above-mentioned metallic-compounds powder is 1-20 micrometers, and is characterized by the 
particle size of the above-mentioned single crystal being 0.1-20 micrometers. 

[Claim 2] It is the positive electrode for lithium secondary batteries characterized by coming to carry 
out heating baking of the raw material with which metallic-compounds powder constitutes this 
metallic-compounds powder in claim 1, and the lithium salt. 

[Claim 3] It is the positive electrode for lithium secondary batteries which the above-mentioned 
metallic-compounds powder consists a lithium of a lithium compound of a Li-Mn-Cu-O system in the 
positive electrode for lithium secondary batteries using occlusion and the metallic-compounds 
powder which may be emitted as positive active material, and is characterized by the mole ratio of 
Cu to Mn being 0.2 or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the positive electrode for lithium secondary batteries 

excellent in cell capacity and a charge-and-discharge cycle property. 

[0002] 

[Description of the Prior Art] In recent years, as for the rechargeable battery, high energy 
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consistency-ization is demanded. As this rechargeable battery, the lithium secondary battery 
(publication-number 2-No. 139860 official report) using the metallic oxide which contains a lithium 
metal as a negative-electrode active material, and contains a lithium as positive active material 
attracts attention. 

[0003] Potential is ** most and, as for the above-mentioned lithium metal used for the negative- 
electrode active material, a unit weight and the energy density per unit volume serve as max. LiMn 
204 which gives a high energy density as the above-mentioned metallic oxide used for positive active 
material on the other hand etc. — the metallic oxide containing a lithium — especially the spinel mold 
compound attracts attention. 
[0004] 

[Problem(s) to be Solved] However, it is greatly dependent on the current density at the time of 
discharge, and the cell capacity of the above-mentioned lithium secondary battery has the problem 
that cell capacity decreases rapidly, when current density becomes large. Moreover, the above- 
mentioned positive active material is wide range, and since manganese ion serves as trivalent when 
charge and discharge are performed, a strain produces it in the crystal lattice of positive active 
material according to Jahn-Teller effect. Therefore, when the number of cycles of charge and 
discharge was piled up, there was a possibility that a crystal lattice might collapse and cell capacity 
might fall. This invention tends to offer the positive electrode for lithium secondary batteries 
excellent in cell capacity and a charge-and-discharge cycle property in view of this conventional 
trouble. 
[0005] 

[Means for Solving the Problem] In the positive electrode for lithium secondary batteries with which 
the 1st invention concerning this application used occlusion and the metallic-compounds powder 
which may be emitted for the lithium as positive active material, the above-mentioned metallic- 
compounds powder consists of the aggregate of a single crystal or two or more single crystals, the 
particle size of the above-mentioned metallic-compounds powder is 1-20 micrometers, and the 
particle size of the above-mentioned single crystal is in the positive electrode for lithium secondary 
batteries characterized by being 0.1-20 micrometers. 

[0006] The metallic-compounds powder which can carry out occlusion of the above-mentioned 
lithium consists of the aggregate of a single crystal or two or more single crystals. Metallic- 
compounds powder consists of a number small in the ability to do of single crystals, and has the 
structure near a single crystal. Metallic-compounds powder is mixed in order to give electronic 
conduction nature to positive active material. 

[0007] And the above-mentioned metallic-compounds powder requires that the particle size should 
be 1-20 micrometers. In less than 1 micrometer, since an electric conduction agent is needed for a 
large quantity, there is a problem that the amount of positive active material decreases. On the other 
hand, if 20 micrometers is exceeded, in order that a touch area with the electrolytic solution may 
decrease, there is a problem that the occlusion of a lithium ion is checked. 
[0008] Moreover, the particle size of the above-mentioned single crystal needs to be 0.1-20 
micrometers. In less than 0.1 micrometers, the grain boundary increases in the metallic-compounds 
powder constituted by the set of a single crystal, and a strain is produced to it at the above- 
mentioned crystal lattice. On the other hand, in exceeding 20 micrometers, in order that a touch area 
with the electrolytic solution may decrease, there is a problem that the occlusion of a lithium ion is 
checked, as the above-mentioned metallic-compounds powder — LiMn 204, LiX Mn02, LiCo02, 
LiNi02, LiFe02, and LiV 308 etc. — it is. 

[0009] The above-mentioned metallic-compounds powder is obtained by carrying out heating baking 
of the raw material and lithium salt which constitute for example, the above-mentioned metallic- 
compounds powder. In order to compound metallic-compounds powder with few grain boundaries, as 
for the above-mentioned lithium salt, it is desirable to be mixed at 0.1 - 2% of a rate to the above- 
mentioned raw material and the sum total weight of lithium salt, as the above-mentioned lithium salt 
— LiCI, Li2 S04, LiN03, LiCI04, and Li3 P04 etc. — it is. As a raw material which constitutes the 
above-mentioned metallic-compounds powder, it is LiOH and Mn02. There is mixture etc. 
[0010] The above-mentioned positive electrode for lithium secondary batteries consists of a charge 
collector and positive active material which has covered this charge collector. The above-mentioned 
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positive active material is obtained by kneading an electric conduction agent, a binder, etc. to the 
above-mentioned metallic-compounds powder, or stirring these in the liquid phase. Carbon, a metal, 
etc. are used as an electric conduction agent. Moreover, fluorine compound system resin, such as 
Teflon, is used as a binder. As the above-mentioned charge collector, a conductive good carbon thin 
film, a carbon fiber, a graphite fiber, a metal, a conductive polymer, etc. are used. 
[001 1] It is in the positive electrode for lithium secondary batteries which the above-mentioned 
metallic-compounds powder consists of a lithium compound of a Li-Mn-Cu-O system, and is 
characterized by the mole ratio of Cu to Mn being 0.2 or less in the positive electrode for lithium 
secondary batteries with which the 2nd invention concerning this application used occlusion and the 
metallic-compounds powder which may be emitted for the lithium as positive active material. 
[0012] The mole ratio (Cu/Mn) of Cu to Mn in the above-mentioned metallic-compounds powder 
needs to be 0.2 or less. In exceeding 0.2, Cu stops being able to dissolve easily and an impurity 
deposits. Therefore, there is a problem that the capacity per unit weight falls and effectiveness also 
falls. 

[0013] Moreover, the above-mentioned mole ratios (Cu/Mn) are 0.01-0.1 more preferably. In this 
case, a larger initial capacity can be taken. Others are the same as that of the 1st invention. 
[0014] 

[Function and Effect] The positive electrode for lithium secondary batteries of the 1st invention 
consists of a single crystal of a number with little [ a single crystal or / do / it ] metallic-compounds 
powder. Moreover, the particle size of the above-mentioned metallic-compounds powder and the 
particle size of a single crystal are in the above-mentioned range. Therefore, there are very few grain 
boundaries compared with the conventional polycrystal particle. For this reason, a lithium ion can 
move easily to the core of positive active material. So, in positive active material, transfer of the 
electron through a lithium ion is performed actively. Therefore, the utilization factor of positive active 
material improves and cell capacity increases. 

[0015] Moreover, since positive active material can move many lithium ions easily, it has an 
outstanding cell capacity like the above irrespective of the size of current density. Therefore, also 
when it discharges by the high current, there are few falls of cell capacity and they are excellent also 
in the charge-and-discharge cycle property. 

[0016] The positive electrode for lithium secondary batteries of the 2nd invention consists of a 
lithium compound of a Li-Mn-Cu-O system with which metallic-compounds powder contains copper, 
and the mole ratio of Cu/Mn is 0.2 or less. Therefore, the crystal lattice of metallic-compounds 
powder is distorted in different direction from the start by existence of Cu2+ ion. So, when a current 
is passed to positive active material, the crystal lattice which is by different direction-**** from the 
start does not deform greatly. Therefore, it is thought that it does not deteriorate so much even if 
the positive active material of this invention piles up a charge-and-discharge cycle. 
[0017] Moreover, since metallic-compounds powder contains copper, the crystal stabilizes it. It is 
thought that this is also a cause excellent in the charge-and-discharge cycle property of positive 
active material. According to this invention, the positive electrode for lithium secondary batteries 
excellent in cell capacity and a charge-and-discharge cycle property can be offered. 
[0018] 
[Example] 

It explains using drawing 1 and drawing 2 about the positive electrode for lithium secondary batteries 
concerning the example of the example 1 1st invention. As shown in drawin g 1 , occlusion and the 
metallic-compounds powder 1 1 which may be emitted are used for the positive electrode for lithium 
secondary batteries of this example for the lithium as positive active material. This metallic- 
compounds powder 1 1 consists of the aggregate of a single crystal or two or more single crystals. 
[0019] That is, the metallic-compounds powder 1 1 is the aggregate of the single crystal 110 shown in 
drawin g 2 (a), or two or more single crystals 1 1 1 ,1 1 2,1 1 3 which are shown in drawing 2 (b). The 
above-mentioned metallic-compounds powder 1 1 consists of a number small in the ability to do of 
single crystals, and has the structure near a single crystal, the metallic-compounds powder 1 1 — 
LiMn 204 it is — it has the particle size of 1 micrometer - 20 micrometers. 

[0020] The above-mentioned positive electrode 9 for lithium secondary batteries consists of positive 
active material 10 which has covered the charge collector 91 and this charge collector 91 of 
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aluminium foil, as shown in drawing 1 . Positive active material 10 is obtained by adding and kneading 
the admixture 13 which becomes the above-mentioned metallic-compounds powder 1 1 from an 
electric conduction agent and a binder. Moreover, positive active material 10 is obtained even if it 
stirs the above-mentioned metallic-compounds powder 1 1 and admixture 13 in the liquid phase. 
Carbon materials, such as a graphite particle, are used as an electric conduction agent. Moreover, 
fluorine compound system resin, such as Teflon, is used as a binder. 

[0021] The manufacture approach of the above-mentioned positive electrode for lithium secondary 
batteries is explained. First, if in charge of manufacturing metallic-compounds powder, it is LiOH and 
Mn02. Weighing capacity is carried out by the mole ratio of Li/Mn=1/2, and it is 0.5wt(s)% [ as lithium 
salt ] Li3 P04. In addition, it mixed. Subsequently, heating baking of this mixture was carried out in 
850 degrees C and atmospheric air for 3 hours, and metallic-compounds powder was obtained. 
[0022] As a result of performing an X diffraction about this metallic-compounds powder, it is LiMn 
204. It was identified and the particle whose mean particle diameter is 5 micrometers was seen. 
Moreover, when observed with the transmission electron microscope, it was checked that the above- 
mentioned particle is a single crystal mostly. Next, it mixed at a rate of 9:0.4:0.6 by the weight ratio, 
and the above-mentioned metallic-compounds powder, the electric conduction agent, and the binder 
were applied on the charge collector. This obtained the positive electrode for lithium secondary 
batteries. 

[0023] the raw material, i.e., LiOH, with which the metallic-compounds powder of the example of two 
examples constitutes the metallic-compounds powder of the above-mentioned example 1, and Mn02 
mixture — LiN03 as lithium salt 1wt% — it adds and the mixture is calcinated at 470 degrees C in 
atmospheric air for 3 hours. Others are the same as that of an example 1. And the positive electrode 
for lithium secondary batteries was produced like the example 1 using this metallic-compounds 
powder. 

[0024] In the example of three examples, the lithium secondary battery was produced uising the 
positive electrode for lithium secondary batteries obtained in the examples 1 and 2, and change of 
the cell capacity of the positive electrode to a discharge current consistency was measured. The 
above-mentioned lithium secondary battery used the polypropylene nonwoven fabric for the 
polypropylene carbonate and the separator with which the lithium metal was added to the negative 
electrode and it added one mol /of lithium perchloratesl. to the electrolytic solution. The above- 
mentioned lithium secondary battery is a carbon button mold cell with a diameter [ of 20mm ], and a 
thickness of 3.2mm. 

[0025] For the above-mentioned measurement, discharge current consistencies are 0.2 mA/cm2. The 
case was followed. Moreover, metallic-compounds powder (example of a comparison) was produced, 
without adding lithium salt for a comparison. This positive active material was the aggregate of a 
polycrystal particle. And the lithium secondary battery was produced using this positive electrode, 
and it measured like the above. 

[0026] The result is shown in db^ingjt . As known in this drawing, the metallic-compounds powder 
(examples 1 and 2) concerning this invention had few falls of cell capacity as compared with the 
metallic-compounds powder (example of a comparison) which is the aggregate of a polycrystal 
particle. Moreover, the outstanding charge-and-discharge cycle property was shown. 
[0027] The example of four examples shows the positive electrode for lithium secondary batteries 
about the 2nd invention, and the above-mentioned metallic-compounds powder consists of a lithium 
compound of a Li-Mn-Cu-O system, and the mole ratios of Cu to Mn are 0.01-0.2. 
[0028] The manufacture approach of the above-mentioned positive electrode for lithium secondary 
batteries is explained. First, in producing positive active material, LiOH, Mn02, and CuO were used as 
a raw material which constitutes positive active material. And the mole ratio of Li:Mn:Cu mixed these 
raw materials so that it might be mostly set to 0.5:1 :X (0.01<=X<=0.2). Subsequently, this mixed raw 
material was calcinated at 800 degrees C among atmospheric air, and metallic-compounds powder 
was obtained. When the X diffraction was carried out about the above-mentioned metallic- 
compounds powder, as shown in drawing 4 , it was a single-phase spinel phase. 

[0029] Next, the test cell 90 of the lithium secondary battery shown in drawing 5 was produced using 
the above-mentioned metallic-compounds powder as positive active material, and the charge-and- 
discharge cycle property was investigated, namely, the 90wt% above-mentioned metallic-compounds 
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powder, a 6wt% KETCHIEN black, and 4wt% Teflon — mixing — a positive electrode — the mixture 
100 was adjusted, subsequently, this positive electrode — the mixture 100 was stuck by pressure on 
the charge collector 110, and the positive electrode 1 was produced. A charge collector 110 is a 
mesh made from stainless steel. 

[0030] Subsequently, the separator 120 made of polo propylene resin was prepared, and the negative 
electrode 1 30 which used the above-mentioned positive electrode 1 for the one side, and used the 
lithium metal for the field in addition to this was arranged. Subsequently, the laminating of the 
stainless steel electrode 141,142 was carried out to the top face of a charge collector 110, and the 
inferior surface of tongue of a negative electrode 130. And these layered products were fixed with 
the spring 151,152 fixed to the eel 1 70. Moreover, the inside of a eel 170 is filled by the electrolytic 
solution 160. 

[0031] The electrolytic solution 160 mixes one mol [/I. ] lithium perchlorate to the solvent which 
mixed PC (propylene carbonate) and DME (1, 2-dimethoxyethane) the amount of isochore every. In 
addition, the test cell of a lithium secondary battery was produced like the above for the comparison, 
using the metallic-compounds powder of the Li-Mn-O system which does not contain copper as 
positive active material (example 2 of a comparison). 

[0032] Next, about the above-mentioned test cell, charge and discharge were repeated and change of 
cell capacity was measured. Charge is 1.5 mA/cm2. To 4.1V, discharge is 1.5 mA/cm2. It went to 
2.0V. The result is shown in drawing 6 . In this drawing, an axis of abscissa shows the number of 
cycles of the charge and discharge of a test cell, and an axis of ordinate shows the normalization 
capacity of a lithium secondary battery. This normalization capacity means the ratio of the discharge 
capacity in each cycle to initial discharge capacity. As known in this drawing, the positive electrode 
for lithium secondary batteries of this example (example 4) showed a cell capacity always higher than 
the example 2 of a comparison, even if the number of charge-and-discharge cycles increased. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the positive electrode for lithium secondary batteries of an example 
1. 

[ Drawin g 2] The explanatory view showing the metallic-compounds powder of an example 1. 
[Dr aw i n g 3] The graph which shows the relation of the discharge current consistency of a lithium 
secondary battery and the rate of cell capacity concerning an example 3. 

[Drawing 4] The diagram showing the result of the X diffraction of the metallic-compounds powder of 
an example 4. 

[Drawing 5] The sectional view of the test cell of the lithium secondary battery of an example 4. 
[Drawing 6] The graph which shows the relation of the number of cycles of a lithium secondary 
battery and normalization capacity in an example 4. 
[Description of Notations] 
10 ... positive active material. 
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1 1 ... metallic-compounds powder, 

9 ... the positive electrode for lithium secondary batteries, 
91 ... a charge collector, 
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DRAWINGS 

[Dr awin g 2] 

(a) (b) 
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[ Draw ing 1] 
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[0 0 18] 
[3£M] 
*«0J 1 

*, HI. H2ftffl^T«wr«. #H©uV#Ar#c 
mftffllEWi. Bl \zmrZlL<, lEWS'ttHibT. 

th*. tt&JM&£4ti»?|£ l Hi, *iKax«ffiS:cc»# 

[0 0 19] SP£, ^JUft^lfc©* 1 1 14, H-2 (a) 
Kw-T***! 1 0, *V>12H2 (b) ic*-r«fto# 



(3) &il¥6-2 9 0 7 8 3 

JfiSii 111,112, 11 3©A^T«S. ±12&Jg 

lltt, LiMm 0< f<5D, 1 wm~2 0 /zm©!& 
[0 0 2 0] ±IB U AnjWMM9iE« 9 12, 13 1 it 
9 lS*«l/TV»*iEa«4fc«l 0£j8»5&*. iEffiffi 

«■ i o a, ±e*j(Mi;£4M»* 1 1 c, gmajxtfse . 

iElgiSttK 1 0 12, ±e*Mfl:£»»* 

1 1 tm&mi 3 tft«E»«t>T«»UT*#sn*. m 

[0 0 2 1] ±BB'J^9AnjWtfaffliE*oiBtoefttfc 

fc^TH, LlOHtMnOi t$Li/Mn=l/2 
©^EJWfCffSU 'J^Affitl/TOO. 5wt%© 

8 5 01=, *»«fP3^WJnJIMftri6U &M-ffc£W* 

[0 0 2 2] »*«flS^*»*K^V»TX«@»feffo 

fciSS*, LiMm 04 tft^JtSn. f^®'5(im 

ft, Iittt9 : 0. 4:0. 6 ©«£T!«£U *S 

50 ffiftltfc. 

[0 0 2 3] *JSFJ2 

*sfflfiersiH»fip-&. l 1 oHtMn 02 tws&m 

\Z, 'JfJAltlTCLiNOi £ lwt %gsiHU 
■t©«^***«'t»T?4 7 0"CT?3l9«»«L& i e»©T? 

*«. ^©ttti, ^SS^Ji ira«-rab-5. *ut. -© 
[0 0' 2 4 ] 

*»BEfc»r*jE«©*«*«©a6fl;t««ufc. ±ta 
Uf^ir^tlfitt, Affile u^a&ji, m^st-ia 
Sflfl'JWASlmo l/l»lnl/&#U^nbrw> 

^-jp^-h, ±^u-^\z^jy"a^uy^m,^m 

±B'J^An*«ttl4, ilg2 0mni, Jf*. 
3. 2mm©#:?>S!li?ffiT&-5. 
[0 0 2 5] ±ejW*tt. tt««««f*!8«0. 2mA/ 
cm 1 ©ig^lCO^Tfro/to S&. J±tt©fei6[r, U 

50 &m*miMi£-r\z&mt&®m*. otmo &fp© 
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(4) 



6-290783 



[0 0 2 6] -€-©i^*sH 3 c^f. pp«fct)asn«. 

*»Mtj9>*»*^JIWt^*»* (£160! l, 
2) «, $tta*atf©&ft<r?&a&Jiifc£«^lt (Jt 
KM) CtfcLT, fd§§OfiT*"M*ofe. s&, 

[0 0 2 7] *M*!|4 

ft>©T, ±iB&Jgfc£4&&***L I— Mn— Cu— O 

^©u^^Aft^iD^o, a^MtiKjtrrscu© 

^JWttt'O. 0 1~0. 2T*5. 
[0 0 2 8] ±CU^^A=jWtttffli^*CD«Jfe*rl*K 

T, IE^#«ft*iJ«r*j»R£bTL i OH, MnO 

2 , &tfCuOftfflV>fc. -f-LT, rftSOJgWft. L 
i : Mn : CuCD^l/Jt^, SliO. 5 : 1 : X (0. 
OlsSXsSO. 2) £&««fc'5fcig£L&. £ 
©ii-&iiCttft, 8 0CCTML, &m<£&® 20 

«&*ft»fc. JrB^JiMt^lW»*ft:'3V»TXat|llSf ft L, 

[0 0 2 9] jfcfc, ±E&J^&tt»?i;ftjE«fiHM(i& 

9 0 w t S6©±tB&»fb£iKrt&*£, 6w t %0)^y^ 
x.y-7<7v>7h, 4wt XW^^D^t&ji^U lEffi 
£-30 1 0 OMUL 3fc^T?, £ ©IEffi-&ar!l 1 0 0 
ft, *S&1 1 0 OJb&EEttU ]E«lftft«l/fc. * 50 

[0 0 3 0] #n:/utfi/>f9)jjif?©-k/ii/- 
^120 ftipflf L, -£©tf-ffi*:B:±eiE« l ft, -tote 
BSfcttU^^A^Rftffi^fcftai 3 Oftffi^Ufc. * 
1 1 0 ©±fe;&tf||® 13 0 ©TffiC X 
^^L'Xftffil 4 1, 14 2^iiLfc„ -€-UT, 

^oaiftli, tJH7 0 i:B£$tifc;W- 15 1, l 



[0 0 3 1] m^SSl 6 Ott, PC C/DhfW>;*J-J}? 
tDME (1, 2-v/h*'yI^» tft* 

yg^Aftfi^u&'boT?**. im, it«ofc»ic. m 

ft-^tU&I^L i -Mn-0^ffl^S{b-&#»!f©*ftiE® 

X ht*SfP«l/ft (Jt«M2) . 

[0 0 3 2] JJclC, J:gfX h-feJHC^T, ^cifeSft 

ago ml, «tt**o«fl3ft«3ebfc. antiii. 5m 

A/cm 2 T4. 1VJT, 5mA/cm 2 
T2. OVS-efrofco -t-CDiBSftH 6 KSc-T. MHC 

iffittku^^A-^ajfioiEMb^aft^-r. siEMft 

■ [Hll *JS0U1©'J^A-^ 



[0 2 ] S^SE^U l ft**»wa 



[0 3] ^)S0«3fcrtvo>s, 'J^^A-^mffiw^ms 

[04] mMM4<0&m4t&®ffi*<OXn®$T<Ol&$kZ 
[15] HiS«l4©'J5 :: ^A=^*ffi©T-Xh-fe;l'©Sf 



[0 6] HJfi'094K*sW--5, U^^A-^:**©^ £ 

t«W©WW] 

1 0. 
1 1. 
9. . 
9 1 . 



[02] 



[0 5] 



[06] 



(a) 



C_Aiio 112 



(b) 




90 



/ I 

152 142 



100 



-110 | 

-100 * 
-120* 

-160 C/o 



5b 




5 10 



15 
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(5) 



*ftM¥6-2 9 0 7 8 3 



[01] [03] 




. 15 20 40 60 70 

lSl-lfrft2ff (degree) 



<72)§gPJJ# # « 



